Permafrost-related processes drive regional landscape dynamics in the Arctic terrestrial system. A better understanding of past periods indicative of permafrost degradation and aggradation is important for predicting the future response of Arctic landscapes to climate change. Here, we used a multi-proxy approach to analyse a~4 m long sediment core from a drained thermokarst lake basin on the northern Seward Peninsula in western Arctic Alaska (USA). Sedimentological, biogeochemical, geochronological, micropalaeontological (ostracoda, testate amoebae) and tephra analyses were used to determine the long-term environmental Early-Wisconsin to Holocene history preserved in our core for central Beringia. Yedoma accumulation dominated throughout the Early to Late-Wisconsin but was interrupted by wetland formation from 44.5 to 41.5 ka BP. The latter was terminated by the deposition of 1 m of volcanic tephra, most likely originating from the South Killeak Maar eruption at about 42 ka BP. Yedoma deposition continued until 22.5 ka BP and was followed by a depositional hiatus in the sediment core between 22.5 and 0.23 ka BP. We interpret this hiatus as due to intense thermokarst activity in the areas surrounding the site, which served as a sediment source during the Late-Wisconsin to Holocene climate transition. The lake forming the modern basin on the upland initiated around 0.23 ka BP and drained catastrophically in spring 2005. The present study emphasises that Arctic lake systems and periglacial landscapes are highly dynamic and that permafrost formation as well as degradation in central Beringia was controlled by regional to global climate patterns as well as by local disturbances.
INTRODUCTION
Climate change has a significant impact on the Arctic terrestrial system (Hinzman et al., 2005) . Warming and thawing of permafrost has been observed for several decades Grosse et al., 2011; Vaughan et al., 2013) and inferred from numerous palaeoecological studies (Mann et al., 2002; Kaufman et al., 2004; Gaglioti et al., 2014) . The degradation of permafrost-dominated landscapes influences hydrology, ecology, ground thermal regime and biogeochemical cycles (Rowland et al., 2010; Grosse et al., 2013a; Walter Anthony et al., 2014) . Thermokarst lakes represent a particularly widespread mode of permafrost degradation (Jorgenson et al., 2006) and dominate Arctic lowlands in Siberia, Alaska and northwest Canada. They cover up to 40 % (Smith et al., 2007; Grosse et al., 2013a) and drained lake basins up to 70 % (Walter Anthony et al., 2014) of the landscape's surface in some of these lowlands. Thermokarst lakes form by thawing of ice-rich permafrost or melting of massive ground ice followed by ground settlement (Van Everdingen, 2005) . After their initiation as small shallow ponds, these lakes typically experience a succession of growth, shrinkage and gradual or even sudden drainage (Burn and Smith, 1990; Jorgenson and Shur, 2007; Grosse et al., 2013a; Morgenstern et al., 2013; Lenz et al., 2013; Kanevskiy et al., 2014; Jones and Arp, 2015) . Thermokarst lake formation and growth is generally associated with periods of warming and wetting in the Arctic, and was especially intense during the Lateglacial and Early Holocene (Kaplina and Lozhkin, 1979; Walter et al., 2007) . However, the development of specific thermokarst lakes and drained thermokarst lake basins is often triggered by local disturbances (Burn and Smith, 1990; Jorgenson et al., 2006) . Because of the widespread occurrence of thermokarst lakes during periods of rapid Arctic change, they have a cumulative impact on the carbon and water cycles, climate feedbacks and energy balance of the northern high latitudes (Grosse et al., 2013a) . For instance, thawing permafrost releases organic matter for microbial decomposition and in water-saturated, anaerobic conditions below thermokarst lakes methane is produced and emitted to the atmosphere (Walter et al., 2006) . However, during their life cycle, thermokarst lakes act as long-term net carbon sinks accumulating organic-rich deposits before and after lake drainage (Walter Anthony et al., 2014) .
To understand current and future developments of thermokarst lake dynamics and their feedbacks with landscapes, ecosystems and biogeochemical cycles, it is critical to investigate records of past thermokarst lake processes, driving factors and environmental conditions.
Using lake sediments to reveal past landscape dynamics is of great value because they comprise both minerogenic and organogenic compounds deposited during a specific environment within the lake's lifetime. Few studies have focused on core-based palaeoenvironmental reconstructions from thermokarst lakes to reveal permafrost and landscape dynamics (e.g. northwest Canada: Lenz et al., 2013; Siberia: Biskaborn et al., 2013a Schleusner et al., 2015;  north Alaska: Gaglioti et al., 2014) . In western Alaska, studied lake archives are often of non-thermokarst origin, for example, Imuruk Lake in the centre of the Seward Peninsula (Hopkins, 1959 (Hopkins, , 1963 Colinvaux, 1964) , or undetermined origin as Kaiyak and Squirrel lakes south of the Brooks Range (Anderson, 1985; Berger and Anderson, 1994) and concentrate mostly on vegetative and climate change. Besides lake sediment cores, natural exposures along lakes, rivers and coasts have been used to study thermokarst lake deposits (e.g. Hopkins and Kidd, 1988; Wetterich et al., 2012) . Fossil remains recovered from these records such as ostracods, molluscs and testate amoebae (rhizopods) enable the characterisation of past ecological conditions during thermokarst lake formation and growth. For example, Wetterich et al. (2012) used these bioindicators as well as pollen and plant macrofossils from a pingo exposure eroded by coastal erosion of the Chukchi Sea to infer a regional signal of late Quaternary landscape dynamics of the northern Seward Peninsula. Palaeoenvironmental questions on the northern Seward Peninsula in northwest Alaska were addressed by studies on coastal bluffs along the Chukchi Sea (McCulloch and Hopkins, 1966; Matthews, 1974; Jordan and Mason, 1999; Wetterich et al., 2012) , peatlands (Hunt et al., 2013) and the Kitluk palaeosol buried under the 18.0 ka BP Devil Mountain Maar tephra (Höfle and Ping, 1996; Höfle et al., 2000; Goetcheus and Birks, 2001; Kuzmina et al., 2008) .
Regional thermokarst dynamics on a modern, decadal timescale with calculated expansion and drainage rates are presented by Jones et al. (2011) . However, records of long-term permafrost processes and thermokarst activity from drained lake basins are rare on the northern Seward Peninsula. This region is of particular interest due to its location close to the modern treeline and within the continuous permafrost region but with relatively warm ground temperatures of -5 to -2°C Smith et al., 2010) .
We studied a sediment core obtained from a recently drained thermokarst lake basin on a yedoma upland located on the northern Seward Peninsula (Figures 1 and 2) . Here we present a multiproxy record from this basin and discuss the development of a thermokarst lake system on the northern Seward Peninsula in ice-rich yedoma of central Beringia throughout the late Pleistocene and Holocene.
STUDY AREA
The study region is part of the Bering Land Bridge National Preserve and is located in the central region of Beringia, Figure 1 Study area of the northern Seward Peninsula as part of the Bering Land Bridge National Preserve (A and B). Red dot = Kit-64 study site; K = Kotzebue; N = Nome; 1 = Whitefish Maar; 2 = Devil Mountain Maar; 3 = North and South Killeak maars; 4 = Imuruk Lake (Hopkins, 1959 (Hopkins, , 1963 Colinvaux, 1964) ; 5 = Squirrel Lake (Anderson, 1985; Berger and Anderson, 1994) ; 6 = Kit-1 Pingo ; 7 = Tempest Lake (Kuzmina et al., 2008) ; 8 = mammoth site (Hopkins et al., 1976) ; 9 = Niukluk Lake (Hunt et al., 2013) . This figure is available in colour online at wileyonlinelibrary.com/journal/ppp which remained largely unglaciated during the Last Glacial Maximum (LGM, 26.5-19 ka BP) (Hopkins, 1967; Kaufman and Hopkins, 1986) . The gently northwardsloping plain with elevations mostly below 60 m asl is underlain by ice-rich, continuous permafrost (Brown et al., 2001) . On the northern Seward Peninsula, permafrost is approximately 100 m thick (Jorgenson et al., 2008) . Because of the lower glacial sea level during the LGM and the extensively exposed Bering and Chukchi Sea continental shelves, our study site was located in a central part of the wide Bering Land Bridge and dominated by a continental climate (Hopkins, 1967) .
The northern Seward Peninsula represents one of the major lake districts in Alaska with extant lakes > 1 ha covering 456 km 2 (7.1%) (Arp and Jones, 2009 ). Up to 75 % of the landscape is studded with drained thermokarst lake basins demonstrating a dynamic landscape history (Hopkins and Kidd, 1988; Jones et al., 2012) . The local geomorphology is dominated by thermokarst lakes, drained thermokarst lake basins, remnants of yedoma uplands with ice-rich permafrost, erosional gullies, small streams, pingos and polygonal patterned ground (Jones et al., 2011; Regmi et al., 2012) , hence our study site represents a typical landscape feature in this region. While the yedoma uplands are remnants of the late Pleistocene accumulation surface, most other features are of Holocene age and related to permafrost degradation and re-aggradation processes.
Late Quaternary volcanic landforms are also present in the region including the four large Espenberg Maar lakes, Devil Mountain Volcano and several smaller Quaternary volcanic cone remnants south of the study area (Hopkins, 1988; Begét et al., 1996) . The Devil Mountain Maar was created by multiple phreatomagmatic eruptions at 17.5 ka BP (Hopkins, 1988; Begét et al., 1996) and covers an area of 30 km 2 . Its tephra is distributed mostly towards the north and west over an area of about 2500 km 2 (Begét et al., 1996; Höfle et al., 2000) . The two maar craters of the North and South Killeak lakes are 12 and 20 km 2 in area, respectively. South Killeak Maar was formed by about 42 ka BP while North Killeak Maar is most likely older than 125 ka (Hopkins, 1988) . The shallow Whitefish Maar located further west is estimated to be 100-200 ka old, and five small shield volcanoes immediately south appear to be even older than the maars and may have formed prior to permafrost formation on the northern Seward Peninsula (Hopkins, 1988) .
The study area today is characterised by a subarctic climate with mean annual air temperatures of -6°C in Kotzebue about 60 km northeast of the study site. The January mean air temperature is -20°C while the July mean air temperature is 12°C. Precipitation averages 230 mm a -1 with more than half the precipitation falling as rain in summer and early fall (US National Weather Service data, http://www.ncdc.noaa.gov/). The modern vegetation is classified as Bering Tundra (Nowacki et al., 2002) . Elevated and better-drained sites are dominated by tussock sedge (Eriophorum vaginatum) and dwarf shrubs (Ledum palustre, Vaccinium vitis-idaea), whereas drier habitats like pingos are occupied by erect shrubs (Andromeda polifolia, Betula nana, Spiraea beauverdiana). Waterlogged acidic sites are characterised by Drepanocladus spp. and Sphagnum spp. as well as wet sedge-moss communities (Carex aquatilis, E. augustifolium) .
The shape of the 11.9 ha large study basin suggests that two originally separate lakes coalesced to form the present lake basin (Figures 2 and 3 ; Table 1 ). The main basin with a SW-NE extension of 270 m and a NW-SE extension of 330 m is connected at its NW edge over a length of 140 m to a small, round basin of a diameter of 170 m. The lake had no inflow but based on field observations of other similar lake basins in the study area (Jones et al., 2011; Jones et al., 2012) , we assume that this lake had a seasonal outflow channel which ultimately became the drainage gully. Remote sensing images suggest that the lake drained catastrophically in 2005. The drainage channel is located south of the basin and leads 275 m through the upland down to the lowland drainage system. The slopes of the basin incline 28°at their maximum (9°mean) and are about 20 m high. Prior to drainage, the lake had an average depth of 12 m. Neither soil developed nor vegetation recovered after the lake drainage. Remnant pools of water are still present in the centre of the basin and covered an area of 0.96 ha in the main basin and 0.07 ha in the adjacent basin in September 2011. The main basin floor is elevated about 29 to 31 m asl and moderately flat but pronounced baydzherakhs of about 10 m in diameter and up to 1 m height are present. Baydzherakhs are conical mounds consisting of ice-wedge polygon centres that are separated by deep troughs from melting of large ice wedges (Soloviev, 1962 , cited in French, 1974 . Our sediment core was taken from the top of a baydzherakh at 66°27′ 41″N and 164°8′ 22″W. 
MATERIAL AND METHODS
To reveal the complex landscape history and interaction of land-forming periglacial processes, a multidisciplinary approach was chosen using sedimentological, biogeochemical and palaeoecological proxies on a sediment core.
As part of a larger permafrost and thermokarst-focused field campaign on the northern Seward Peninsula in April 2009, a 393 cm core (core ID: Kit-64) was drilled in the thermokarst lake basin described above (informal name: GG basin) (Figures 2 and 3) . The upper frozen sediment section from 0-268 cm was drilled with a SIPRE permafrost corer (Jon Holmgren's Machine Shop, Fairbanks, Alaska, USA). For the unfrozen lower 268-393 cm, a piston hammer corer (Aquatic Instruments, Hope, Montana, USA) was used (all depths are given as centimetres below surface). In the laboratory, both the frozen and unfrozen core segments, were cut into halves and high-resolution digital photographs were taken with an optical camera system. A non-destructive analysis of mass-specific magnetic susceptibility (MS) was conducted at the National Lacustrine Core Facility (LacCore) at the University of Minnesota with a Multi-Sensor Core Logger (GEOTEK-MSCL, Daventry, UK). The SI system is used to express MS values in 10 -6 . After scanning, core halves were stored frozen or refrigerated, depending on their original field state.
The sediment core was described in detail and subsampled for further analyses at the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research in Potsdam, Germany. Porewater was extracted from the frozen core section with rhizon soil moisture samplers (0.2 μm pore diameter, Eijkelkamp, Giesbeek, Netherlands), and electrical conductivity (EC) in μS cm -1 (T Ref 25°C) and pH (both MultiLab 549, WTW, Weilheim, Germany) were measured in fresh water samples. The weight difference between fresh and freeze-dried bulk sediment samples was used to calculate the ice or water content, respectively, which is expressed as weight percentage (wt%). After the removal of organic matter with hydrogen peroxide (H 2 O 2 , 30%), grain size distribution was measured with a laser particle size analyser (Coulter LS Total nitrogen (TN), total carbon (TC) and total organic carbon (TOC) were measured in bulk sediments with an elemental analyser (ElementarVario EL III, Hanau, Germany) with an analytical accuracy of ± 0.1 wt%. The C/N ratio (TOC/TN) was calculated. Values of δ 13 C of TOC were analysed with a Finnigan MAT Delta-S (Bremen, Germany) mass spectrometer equipped with a FLASH elemental analyser and a CONFLO III (Bremen, Germany) gas mixing system for the online determination of the carbon isotopic composition. Values of δ 13 C are expressed relative to the Vienna Pee Dee Belemnite (PDB) standard in per mil (‰) and the standard deviation (1σ) is generally better than δ 13 C = ± 0.15‰. Volcanic glass shards in tephra layers were identified on smear slides in glycerin and prepared for geochemical microanalyses in order to identify the source of tephras. Samples were treated with hydrogen peroxide (H 2 O 2 , 15%) to remove organic matter, treated with hydrogen chloride (HCl, 10%) to remove carbonates, wet-sieved through 35 and 125 μm, rinsed in ethanol, dried and embedded in resin on a glass slide. After manual grinding and polishing of samples, the major element glass composition was analysed by a JEOL JXA-8230 (Munich, Germany) electron microprobe with a voltage of 15 kV, a beam current of 10 nA and a beam size of 10 μm. Natural and synthetic minerals and Lipari obsidian were used for instrumental calibration and standardisation (Hunt and Hill, 1996; Kuehn et al., 2011) . Scanning electron microscopy (SEM) images (Zeiss Gemini Ultra+, Jena, Germany) were taken at German Research Centre for Geosciences Potsdam (GFZ) to visualize ash particles.
Palaeoecological analyses were carried out to characterise past ecological conditions. Sediment samples with known weight were wet-sieved through 63 and 200 μm mesh screens, dried and examined under a stereo-microscope (Zeiss Stemi 2000-C, Jena, Germany) for species determination of ostracods. Selected ostracod valves were coated with electrically conducting carbon for SEM images at 40x magnification at the GFZ. Testaceans were identified and counted in glycerin on a glass slide under a light microscope at 100x to 400x magnification (Zeiss Axioskop 2) after subsamples were suspended in purified water and passed through a 500 μm mesh sieve to remove organic and mineral particles. Occasional findings of single diatom algae specimens and ash particles have been recorded.
Accelerator Mass Spectrometry (AMS) radiocarbon age determination of macroscopic plant remains was carried out on wet-sieved (>250 μm) and hand-picked samples. Thirteen samples of plant detritus were dated at the Poznan Radiocarbon Laboratory (Poland) and results were calibrated using CALIB 7.0 with the INTCAL13 data-set (Reimer et al., 2013) . The calibration of seven samples was impossible due to old radiocarbon ages extending beyond the calibration data-set. Dates in this study are reported in uncalibrated years before AD 1950, referred to as before present (ka BP), for reasons of unification. Calibrated radiocarbon ages (cal ka BP) are given in Table 2 .
RESULTS

Core Stratigraphy
The sediment core Kit-64 is characterised by grey, finegrained deposits with organic inclusions and layers ( Figure 4 ). Based on lithological descriptions and the analysed sedimentary, biogeochemical and palaeoecological parameters, the sediment core is divided into five lithostratigraphic units:
Unit A (393-262 cm) comprised the unfrozen sediment section and a small portion of 4 cm of the frozen segment. It was characterised by a dark greyish brown to very dark brown colour (Munsell Soil Color Chart (1994) , ID 10YR 4/2 to 2/2), unlayered but marbled silt with thick lenses of black (10YR 2/1), well-decomposed organic matter with single pieces of woody remains up to 1 cm long at 386.5 cm and 306 cm. Between 310 and 288 cm, the sediment was interpreted as disturbed since the borehole filled back in at these depths during the drilling process. Unit B (262-245 cm) was a dark olive brown peat (2.5Y 3/2) which was well decomposed at 262-250 cm and poorly decomposed with woody remains of up to 2 cm length at 264-262 cm. Unit C (245-146 cm) was composed of very dark grey (5Y 3/1) to black (2.5Y 2.5/1) minerogenic sediments that were mainly made up of coarse-grained tephra material (grain size up to 7 mm at 182 cm). Unit D (146-36 cm) was olive (5Y 4/4) to dark olive grey (5Y 3/2) in colour and characterised by fine-grained sediments with organic-rich inclusions including woody remains at 146-143 cm, 141-137 cm, 117-112 cm and 111-109 cm. From 120 cm, upward slight layering was visible and became more distinct above 64 cm. Unit E (36-0 cm) compromised fine-grained, olive (5Y 4/4) sediments. Here, distinct laminations were visible by colour with thicker laminae of about 1 mm at 3-0 cm and thinner laminae of < 0.5 mm at 64-3 cm. Macrofossil plant remains were observed throughout unit E, and mollusc shells were identified at 25 cm (both valves of 3 mm length), 22 cm and 11 cm.
part from 393-266 cm (most part of unit A) was unfrozen. The mean gravimetric water content of unfrozen unit A was 26.8 wt% (max: 51.1 wt%, min: 14.3 wt%) and a single sample from the uppermost, frozen portion of unit A yielded an ice content of 19 wt%.
For our cryostructure description, we followed the classification scheme according to Murton and French (1994) . The frozen upper 4 cm of unit A were ice-poor and structureless. Units B and C were also structureless with no visible ice lenses. However, mean ice contents were 55.8 wt% in unit B and 22.5 wt% in unit C. The lower section of unit D was structureless, but wavy, non-parallel lenticular ice lenses were visible at 152-150 cm and wavy, parallel micro-lenticular ice lenses showed at 93-83 cm. Sub-vertical ice veins of up to 5 cm and 9 cm lengths were identified at 124-115 cm and 83-74 cm, respectively. In the upper section of unit D, small irregular ice veins were observed at 65-63 cm. Wavy, parallel lenticular cryostructures dominated at 60-44 cm with thin vertical ice veins of up to 11 cm long. Cryostructures at 44-36 cm were structureless again. Mean ice content in unit D was 32.7 wt% with a wide range between 22.3 and 46.7 wt%. The cryostructure of unit E was parallel micro-lenticular at 36-24 cm and irregular reticulate at 25-6 cm. Parallel lenticular structures with ice lenses of 4 cm length and 2 mm thickness dominated at 6-3 cm, whereas the uppermost 3 cm below the surface were structureless, possibly due to sublimation processes at the exposed drained basin surface during winter. Mean ice content was similar to unit D with 37.5 wt% and ranged from 44.4 wt% at 11-10 cm to 29.9 wt% near the surface at 2-1 cm.
Grain Size Distribution
The granulometric results integrated the laminations and general trends in sedimentological variations. According to the nomenclature used by Shephard (1954) , the sediment core was dominated by silt with varying proportions of clay and sand ( Figure 5 ). A notable exception was the grain size distribution in unit C and the lower part of unit D. Here, sand and silty sand were dominating with fractions of gravel mainly in samples at a depth of 181-130 cm (Figures 5 and S1 ).
In units E, D, B and A, mean grain sizes ranged from 5.9 to 6.2 Φ (silt) after Folk and Ward (1957) . Unit C is characterised by 2.5 Φ (sand). The sediment of the whole core was poorly to very poorly sorted (2.0 to 2.4 on average after Folk and Ward, 1957) . C ages were derived using CALIB 7.0 based on the terrestrial radiocarbon age calibration INTCAL13 (Reimer et al., 2013 ).
a Calibration was not possible due to old 14 C ages. Poz = Poznan Radiocarbon Laboratory.
Magnetic Susceptibility
The MS in the core data varied between 0 and 206 ( Figure 5 ). 
Biogeochemical Characteristics
In unit A, the TN, TC and TOC were 0.6, 8.5 and 7.6 wt% on average, respectively. A distinct increase in organic carbon content was noted at 305-277 cm. Here, TN Max was 2.3 wt%, TC Max was 36.6 wt% and TOC Max was 34.5 wt% ( Figure 5 ). The C/N ratio was relatively steady with 11.3 on average. The δ
13
C values in unit A ranged from -27.5‰ to -25.2‰ with a clear negative trend towards the top of the core. In unit B, TN was 1.9 wt%. TOC and TC were nearly the same (32 wt% and 31.5 wt%, respectively) due to the peaty character of this unit. The C/N ratio in unit B was 17.1 and δ 13 C was -28.1‰ on average. TN was mostly below the detection limit of 0.1 wt% in unit C. TC and TOC were also low with 0.4 wt% and 0.3 wt% on average, respectively. This resulted in an average C/N ratio of 2.7. Values of δ 13 C were relatively stable at about -25.0‰. The biogeochemical properties in unit C clearly reflected dominance of tephra material in this sediment. In unit D, biogeochemical parameters varied especially near the transition to unit C at 146 cm and 100 cm ( Figure 5 ). Average TN, TC and TOC were 0.6, 6.9 and 6.2 wt%, respectively. The C/N ratio was 9.9. Values of δ 13 C ranged between -28.1‰ and -26.4‰. Unit E exhibited the highest values of TN, TC and TOC at the base of the deposits that decreased upwards until they reached plateau values of 0.4, 4.6 and 4.0 wt%, respectively, in the upper 21 cm. The C/N ratio was 11.3 and δ
C ranged between -27.8‰ and -26.6‰ in unit E.
Tephra
Unit C consisted of a 1 m thick layer of volcanic air-fall tephra. The geochemical composition of this tephra was analysed in order to identify the eruptive source and the potential to add tephra geochronological information (Tables 3  and S1 ). As displayed in Table 3 , all samples between 243 and 155 cm yielded a similar basaltic-trachybasaltic to basaltic andesitic glass composition pointing to a single eruption source for the entire layer. However, differences in particle size indicated different eruption phases of unknown duration. Sharp edges and pronounced vesicles of glass shards indicated a low stage of alteration which in turn Mid-Wisconsin to Holocene Landscape Dynamics, NW Alaska pointed to no or only very limited redeposition processes ( Figure 6 ). Radiocarbon dating of lignified shoots and roots in the tephra deposit suggested an age of this layer between 46.5 ± 3.5 ka BP and 31.1 ± 0.5 ka BP. This age range can be further specified by the directly under-and overlying sediments of units B and D that were dated to 41.5 ± 1.5 ka BP and 36.5 ± 0.5 ka BP, respectively (see Geochronology).
Palaeoecology
Lacustrine Environments (porewater and ostracoda). To characterise past lake conditions, porewater was extracted. No water was obtained from the unfrozen unit A. An acidic pH of about 5.5 was measured in unit B, whereas pH was neutral to moderately alkaline in unit C Figure 5 Geochronological, lithological and sediment biogeochemical results for core Kit-64: AMS radiocarbon dates, grain size, magnetic susceptibility, water content, total nitrogen (TN), total carbon (TC) and total organic carbon (TOC), C/N ratio, δ 13 C, pH and electrical conductivity (EC) (only obtained from the frozen core sections). Cm bs = Centimetres below surface. Pee Dee Belemnite (PDB). Table S1 . n = Number of single glass shards analysed.
J. Lenz et al. (pH 7.1-7.9), slightly acid to moderately alkaline in unit D (pH 6.3-7.9) and slightly to moderately alkaline in unit E (pH 7.4-7.9). The EC of all porewaters was very low with 3-7 μS cm -1 . Only the uppermost sample at 2-1 cm yielded increased EC of 26.5 μS cm -1 . A total of 75 samples equally distributed in all units were analysed for ostracods. Except for the uppermost unit E, all units lacked fossil remains of ostracods and molluscs pointing either to a non-lacustrine origin of sediments or to unfavourable living or preservation conditions. In unit E, seven ostracod taxa were identified in four samples representing the uppermost 28 cm of the core ( Figures 7,  Figure 8 ; Table S2 ). The count numbers of valves per sample range from only six specimens at 28-27 cm up to 794 specimens at 22-21 cm. The species Cypria ophtalmica, Candona ikpukpuensis and juvenile Candoninae (most likely representing juvenile stages of Fabaeformiscandina protzi) were found in all four samples. Adult F. protzi were observed in the upper 22 cm. Here, single carapaces (both valves attached together) were documented. The findings of intact carapaces point to in-situ preservation of the Figure 6 Scanning electron microscopy images of polished tephra grains in resin. (A) Tephra particles 100x magnification found at core depth 166-165 cm; (B) tephra particle 500x magnification found at core depth 156-155 cm. Mid-Wisconsin to Holocene Landscape Dynamics, NW Alaska lacustrine records. Female specimens of Candona candida and F. caudata are found only at 3-2 cm and 12 cm and F. pedata only at 3-2 cm. Male specimens of these three species as well as of Cypria ophtalmica were lacking in the record. Both sexes were present for Candona ikpukpuensis and F. protzi. The species composition was clearly dominated by F. protzi; a species known as cold stenothermal that tolerates a wide range of ecological conditions of pH and salinity (Meisch, 2000) . In modern subarctic and arctic environments, F. protzi is so far recorded in the Lena River Delta (Wetterich et al., 2008a) and the Indigirka Lowland (Schneider et al., in press) as well as in the Canadian Northwest Territories and the Alaskan Yukon (L. D. Delorme, unpublished data). A broad circumarctic distribution is known for Candona candida, a highly tolerant species (e.g. Alm, 1914; Røen, 1962 Røen, , 1968 Havel et al., 1990; Wetterich et al., 2008a Wetterich et al., , 2008b ; L. D. Delorme, unpublished data) while F. caudata, F. pedata and Cypria ophtalmica show more restricted occurrences in the Canadian subarctic for F. caudata (Havel et al., 1990) and in northeastern Siberia for F. pedata and Cypria ophtalmica (Sars, 1898; Wetterich et al., 2008a; Schneider et al., in press ). Modern records of Candona ikpukpuensis are only known from the Alaskan Yukon (L. D. Delorme, unpublished data). However, modern ecological reference data on freshwater ostracods is generally still rare in subarctic and arctic regions and therefore of less use for the characterisation of Holocene thermokarst conditions. Except for F. pedata, fossil records of all species present in unit E as adult specimens are known from thermokarst deposits of Mid-Wisconsin to Holocene age from the Seward Peninsula . Therefore, the ostracod assemblage of unit E is assumed to represent local shallow-water thermokarst during the Holocene, which was most likely controlled by varying water levels due to summertime evaporation and consequently varying hydrochemical conditions (e.g. increasing ion content because of water loss) during the growing season of ostracods. The high ecological tolerance level of the dominant ostracod species ensured their survival under such conditions.
Testate amoebae A total of 21 samples were analysed for the presence of testaceans. Out of these, six samples did not contain any testate amoebae and 15 samples yielded 39 testacean taxa of ten genera (Table S3) . Specimen counts per sample varied between single finds and up to 87 (Figure 8 ). Four ecological groups were distinguished based on Chardez (1965) (Figure 8 ): hydrophilic (indicating waterlogged habitats), hygrophylic (indicating moist habitats), sphagnobiontic (typical inhabitants of Sphagnum moss) and soil-eurybiontic species (tolerating a wide range of a particular environmental factor, the specific factor (moisture, pH, etc.) varies between species). The following species were found in three or more samples: Centropyxis aerophila v. major, Centropyxis sylvatica, Centropyxis sylvatica f. major, Cyclopyxis eurystoma and Plagiopyxis callida (all soil eurybiontic), Heleopera petricola (sphagnobiontic) and Centropyxis constricta (hygrophilic).
In unit A, soil-eurybiontic species of the genera Centropyxis, Cyclopyxis and Plagiopyxis dominated at 390 cm. However, findings of large specimens of the soil-eurybiontic Centropyxis aerophila v. major and Centropyxis sylvatica f. (major) as well as the hydrophilic species Centropyxis constricta sensu lato and the sphagnobiontic species Arcella arenaria v. compress indicated generally moist conditions. At 372-352 cm, sphagnobiontic species were lacking but the species composition still indicated overall moist conditions. At 305 cm, specimen numbers of hydrophilic species Centropyxis cassis and Centropyxis constricta sensu lato increased indicating a higher degree of moisture. Ecological groups were similar at 289 cm but here also the hydrophilic species Centropyxis gibba occurred. At 270 cm, only single specimen finds of soil-eurybiontic species indicated ecological conditions not favourable for testaceans.
A sharp change in ecological conditions occurred in unit B. All ecological groups were present and although soileurybiontic species dominated with 50 %, strictly hydrophilic species of the genus Difflugia also occurred which indicate very moist conditions. Samples from the tephra-dominated unit C contained only one observed testacea. In unit D, only four soil-eurybiontic species with one specimen each were found. In unit E, high testacean numbers were observed at 36 cm. Here, mainly soil-eurybiontic species from the genera Centropyxis, Cyclopyxis and Plagiopyxis were found but also Figure 8 Total number of testate amoeba specimens and species, as well as occurrence of diatoms, ostracods and volcanic glass in sediment core Kit-64. Cm bs = Centimetres below surface. This figure is available in colour online at wileyonlinelibrary.com/journal/ppp the hygrophilic species Centropyxis constricta and the calceophilic, soil-eurybiontic species Centropyxis plagiostoma. Cyclopyxis kahli showed moisture enrichment in biophilic elements right above the permafrost table. The same ecological groups but with different species were identified at 2-1 cm.
Other Fossil Remains
In unit A, a sponge needle occurred at 266-265 cm. Within unit B, benthic alkaphilic diatoms of the species Hantzschia amphioxys and Navicula elginensis were found at 251-250 cm. No diatoms were found in samples from unit C. In unit D same diatom species were found at 136-135 cm as in unit A as well as occasional benthic diatom species N. elginensis and Pinnularia brevicostata. Mollusc remains of Pisidia sp. were found in the upper 22 cm of unit E.
Geochronology
According to the results of 16 AMS radiocarbon determinations, the sediment core covered at least the last 49 000 years (including age inversions and a hiatus between 22.5 and 0.23 ka BP) and allowed a chronological classification of landscape development stages (Figures 4 and 5 ; Table 2 ). Out of six-dated plant macrofossils in unit A, three had infinite ages and two more exceeded the range of current radiocarbon calibration curves. Age inversions in this unit are disregarded due to the large errors of up to 2000 years and the general limitations of ages close to the methodological limits of radiocarbon dating. An overall age span of > 49 to 44.1 ± 1.0 ka BP was assumed for unit A, placing this unit most likely into the Early to Mid-Wisconsin. According to two radiocarbon dates of 44.5 ± 2.0 ka BP (264-263 cm) and 41.5 ± 1.5 ka BP (251-250 cm), unit B was dated to the Mid-Wisconsin. Unit C provided two radiocarbon ages of 46.5 ± 3.5 ka BP (197-196 cm) and 31.1 ± 0.5 ka BP (187-186 cm) and fell in the Mid-Wisconsin. Unit D was dated with four samples and no age inversion between 36.5 ± 0.5 ka BP (141-140 cm) and 22.5 ± 0.16 ka BP (37-36 cm), placing this unit in the transition phase from the Mid to Late-Wisconsin. In unit E, ages included 0.23 ± 0.03 ka BP (28-27 cm) and 6.3 ± 0.04 ka BP (3-2 cm), representing the Holocene deposition of lacustrine sediments and reworking of older organic material from shore erosion processes. An overall age of 290 ± 0.02 cal a BP will be discussed for unit E. The age inversion in this unit was likely caused by redeposition of terrestrial organic matter as commonly described in thermokarst lake sediments (Murton, 1996; Wetterich et al., 2011; Biskaborn et al., 2013a; Kanevskiy et al., 2014) .
DISCUSSION
Our results from core Kit-64 allowed the interpretation of various landscape development stages in the study region for an approximately 50 000 year period (Figure 9 ).
Early to Mid-Wisconsin Deposition of Yedoma and Mid-Wisconsin Thaw (Unit A)
Fine-grained sediments with interbedded organic-rich material in unit A represent yedoma deposits that most likely accumulated during the Early to Mid-Wisconsin from > 49 to 45 ka BP. Based on the experience that Pleistocene depositional areas in unglaciated regions of Beringia often have long continuous sedimentary records, we assume that unit A despite the presence of infinite ages is an immediate stratigraphic predecessor of unit B without hiatus. Although yedoma is a prominent feature of the modern terrestrial unglaciated Arctic of Eurasia and North America (Froese et al., 2009; Kanevskiy et al., 2011; Strauss et al., 2012; Schirrmeister et al., 2013) , it only constitutes remnants of the Pleistocene depositional landscape (Grosse et al., 2013b) . Here, syngenetic ice-rich permafrost developed concurrently with primarily silt sedimentation under cold and severe climate conditions (Kanevskiy et al., 2011) . Although aeolian deposition is assumed to be an important component of yedoma sediment accumulation, other processes such as nival, alluvial and even fluvial and lacustrine processes have contributed to yedoma deposition in the Arctic (Strauss et al., 2012; Schirrmeister et al., 2013) . In our record, sediments are dominated by the silty grain size fraction; thus, primary aeolian deposition and secondary redeposition of aeolian and nival weathering material may have contributed most of the sediment. These processes in turn reflect Beringia's high continentality due to sea-level low stands which resulted in generally cold and dry conditions during this time (Hopkins, 1967; Kaufman and Hopkins, 1986) . In contrast to the proposed high continentality, less aridity during the LGM was suggested by pollen and insect records from areas adjacent to the Bering Land Bridge (Elias et al., 1997; Ager, 2003) ; steppetundra conditions were evident from mammoth remains dated to > 39 ka BP in central Alaska and 27 ka BP on Baldwin Peninsula east of the Seward Peninsula (Hopkins et al., 1976) . Organic matter accumulated in permafrost soils under harsh ice age conditions and was only weakly decomposed as it became integrated into permafrost by the seasonally thawing active layer. Unit A of Kit-64 exhibits a mean TOC of 7.6 wt% which is relatively high compared to the studies of Strauss et al. (2013) (3.0 + 1.6/-2.2 wt%), Kanevskiy et al. (2011) (2.8-8.2% in the active layer and 0.01-1.7% in the permafrost) and Zimov et al. (2006) (2-5%). In unit A, several organic-rich sections, previously also described for other yedoma sites (Schirrmeister et al., 2008 , increase the mean TOC value significantly. The inclusions and layers of well-decomposed organic matter contain single pieces of woody remains up to 1 cm in length. These layers have a maximum TOC content of 34.5 wt%, whereas a minimum TOC content of 1.3 wt% is found in the mineral sections of unit A. The large range indicates the high variability of primary productivity during deposition. In addition, unit A experienced complete thaw and beginning transformation into a taberite under the former thermokarst lake (unit E), hence we expect that portions of the originally present carbon were decomposed. However, the TOC data are within the range of previously reported possible values for yedoma ; from < 1 to> 20 wt% in 700 analyses from 14 Siberian sites). Organic-rich layers in unit A demonstrate the potential for soil development under Mid-Wisconsin conditions. The marbled sediment structure of unit A points towards soil cryoturbation at the time when the sediment was frozen. Additionally, rhizopods indicate an intermittent wet, but still terrestrial environment since soil-eurybiontic and hygrophilic species dominate but hydrophilic rhizopods are present in the organic-rich layers of the upper part of the unit. Syngenetic freezing of organic-rich sediments resulted in significantly slowed decomposition, forming an effective long-term organic carbon sink (Strauss et al., 2013) .
Unit A was recovered almost completely unfrozen (only the uppermost 4 cm of the 125 cm long unit were frozen), indicating the impact of deep thaw under the lake of unit E and subsequent slow refreezing after this lake drained. Melt out of ground ice including large syngenetic yedoma ice wedges caused a significant loss of volume and ground subsidence. The sediment of unit A is therefore considered as a diagenetically altered (thaw, compaction in a talik) yedoma deposit also known as taberite (Romanovskii, 1993; Walter Anthony et al., 2014) .
Mid-Wisconsin Wetland (Unit B)
The terrestrial yedoma deposition of unit A is followed by a clear wet phase (unit B) dated to 44.5 ± 2.0 ka BP to 41.5 ± 1.5 ka BP forming a wetland or shallow pond as indicated by hydrophilic rhizopod communities. Single diatoms were observed, although ostracods were not present. Either ostracods were not preserved in the peaty deposits of unit B due to acidic conditions as measured in porewaters with a pH of 5.4-5.6 or living conditions in the Mid-Wisconsin were unfavourable. Poor preservation conditions for ostracod calcite in acidic peaty sediments of lacustrine origin were previously reported, for example, by Wetterich et al. (2005) . Higher TOC contents of 29-35.4 wt% in unit B point to higher bioproductivity, possibly signalling climate amelioration during that part of the Mid-Wisconsin. The highest C/N ratio in the core of 19 was calculated for unit B indicating a low degree of decomposition. In combination with relatively low δ 13 C values of -28.7 to -27.3‰, it is evident that terrestrial plants from the surrounding catchment are the most likely source of the organic matter (Meyers, 1994; Meyers and Lallier-Verges, 1999) .
Unit B demonstrates intermediate wet conditions allowing the formation of wetlands or initial ponding. Hopkins and Kidd (1988) interpreted lacustrine sequences on exposures along the Seward Peninsula coast as Wisconsin-age thermokarst lakes. Radiocarbon-dated evidence for MidWisconsin thermokarst lake development in central Beringia was provided by Wetterich et al. (2012) . Here, lacustrine sediments as well as fossils of freshwater molluscs and ostracods indicate that a lake persisted until about 32 ka BP.
Various studies in eastern Beringia based on vegetation distribution and summarised by Anderson and Lozhkin (2001) indicate spatially complex but regional warmer temperature conditions during the Mid-Wisconsin. For example, herb Betula-Salix low-shrub tundra at 39 ka BP suggesting temperatures warmer than during glacial times but still much cooler than present in the Yukon Territory. However, Beringia was climatically and environmentally heterogeneous due to the effect of boundary conditions like insolation, meteorological conditions, distribution of ice sheets and sea surface temperatures (Anderson and Lozhkin, 2001 ).
South Killeak Maar Eruption and Tephra Fall-Out (Unit C)
Because of its age constrain between 46.5 ± 3.5 ka BP and 31.1 ± 0.5 ka BP, we suggest that the Kit-64 tephra most likely coincides with the 42 ka South Killeak Maar eruption (Hopkins, 1988; Begét et al., 1996) . From this chronological evidence, we exclude a correlation with the much younger Devil Mountain Maar tephra (18.0 ka BP). Unfortunately, we are not able at this stage to strengthen this correlation by the comparison of tephra compositions due to the lack of glass chemical data in the literature. Both the South Killeak and Devil Mountain Maar tephras are in general described as basaltic air fall products of phreatomagmatic eruptions, which are known to be extraordinarily explosive because frozen (solid) water in permafrost is rapidly transformed to the gas phase (e.g. Hopkins, 1988; Begét et al., 1996) . Our data provide the first geochemical data-set of the South Killeak Maar tephra (Table 3) . Previously, several studies focused on investigations of a palaeosol buried by the younger Devil Mountain Maar tephra (Höfle and Ping, 1996; Höfle et al., 2000; Goetcheus and Birks, 2001; Kuzmina et al., 2008) but geochemical data of this and other tephra layers have not been reported so far. As tephra layers are important stratigraphic markers, the geochemical glass data of the Kit-64 tephra can be of great value for future palaeoenvironmental investigations in the region.
The 1 m thick air-fall tephra associated with the South Killeak Maar eruption at about 42 ka BP interrupted and abruptly terminated the wetland development at our site (unit B). The abrupt change of facies from unit B to C is not only evident in the lithology but also in the high MS signals, low biogenic deposition, high accumulation of clastic material greater than 0.063 mm up to occasional 7 mm grain size, as well as isotopic enrichment in δ 13 C. The absence of rhizopods, diatoms and ostracods points towards unfavourable living conditions or, alternatively, very rapid deposition of the entire unit. It can be assumed that the wetland or initial pond was entirely covered by tephra. Apparently, the South Killeak Maar eruption had a significant influence on the regional wetland and pond development and thus may have substantially changed the local to regional landscape evolution by filling and levelling terrain depressions.
Continued Yedoma Accumulation during the Mid to Late-Wisconsin (Unit D)
The initial Mid-Wisconsin wetland or shallow pond did not recover after the fall-out of the South Killeak Maar tephra but terrestrial silty sediment accumulated with intermediate organic layers within a time span of 36.5 ± 0.5 ka BP to 22.5 ± 0.16 ka BP. The sedimentological and biogeochemical properties of these yedoma deposits are similar to those in unit A. Four findings of a soil-eurybiontic testate amoeba species indicate a generally cold and dry depositional environment. No ostracods but the occasional presence of diatoms were reported which is not unusual in yedoma deposits as proven by molecular biomarkers (occurrence of brassicasterol, J. Strauss, personal communication; detected in Siberian yedoma, Strauss et al., 2014) indicating seasonally wet phases.
Late-Wisconsin to Late Holocene Hiatus (Transition from Unit D to Unit E)
At 36 cm, a change of facies is noted and its transition was bracketed by radiocarbon dates of 22.5 ± 0.16 ka BP below the boundary and 0.23 ± 0.03 ka BP above the boundary from unit D to unit E. We hypothesise that this apparent hiatus of sedimentation may be explained either by a lack of deposition during the Lateglacial and Holocene or by Early Holocene thermokarst-related erosion of surficial deposits at the study site. Both scenarios have been suggested as a responsible mechanism for a depositional hiatus during this period in other studies of yedoma and thermokarst profiles of northern Siberia Andreev et al., 2009) .
In our hypothetical scenario, after syngenetic permafrost accumulation during the Mid to Late-Wisconsin, a period of massive thermokarst initiated in the region. Deep and widespread permafrost thaw is suggested in various datasets from northwest North America and Siberia which propose strong postglacial warming and peaking at the onset of the Holocene Thermal Maximum (HTM) (McCulloch and Hopkins, 1966; Burn et al., 1986; Rampton, 1988; Burn and Smith, 1990; Burn, 1997; Kaufman et al., 2004; Walter et al., 2007; Wetterich et al., 2012; Fritz et al., 2012; Lenz et al., 2013; Morgenstern et al., 2013; Schleusner et al., 2015) . Alaska and the western Canadian Arctic warmed earlier (11.3 ± 1.5 cal ka BP) than continental Canada and the Canadian Arctic Archipelago (7.3 ± 1.6 cal ka BP) due to the cooling influence of the Laurentide Ice Sheet (Kaufman et al., 2004) . Although timing of the HTM varied spatially, an increase in mean summer temperature of 1.6 ± 0.8°C compared to average 20 th century is assumed for the North American Arctic (Kaufman et al., 2004) . Rapid thermokarst formation in the study region resulted in dissection of the yedoma uplands which is evident from the general geomorphology of the region. Yedoma remnants were carved out and persisted as smaller uplands until modern times while thermokarst lakes now dominate the lowlands (see also Figure 2 ). Kanevskiy et al. (2014) stated that the process of reducing yedoma to isolated remnant hills by thermokarst lake development can take thousands of years. In this case, the yedoma upland of the modern GG basin (Figure 2 ) served as a sediment source and parts of the potentially present LateWisconsin deposits were eroded. This phase of intense thermokarst activity, indicating warmer and wetter climate conditions in the Late-Wisconsin and Holocene, is not resolved in our record by sedimentation but indicated by a depositional hiatus. Thus, neither the LGM nor the prominent Devil Mountain Maar tephra was archived in the record of core Kit-64.
Late Holocene Thermokarst Lake (Unit E)
A lake phase forming GG basin evidently started about 300 years ago (0.23 ± 0.3 ka BP or 290 ± 0.02 cal a BP at 28-27 cm) as suggested by distinct laminations and mollusc shells as well as a well-preserved ostracod assemblage indicating a cold freshwater, shallow-water ecosystem. The cause for the lake initiation is difficult to access based on a single core alone, but we speculate that local disturbances of the ground thermal regime rather than a broader climatic signal were the most likely cause. The high ecological tolerance of ostracods present allowed them to live in altering hydrochemical conditions during the Late Holocene. At the lower boundary of unit E, increased bioproductivity of the initiating shallow lake is signalled by higher TN, TC and TOC. A C/N ratio of 14 indicates a poor decomposition of organic matter in the early phase. Testate amoeba point towards a shift from terrestrial wet to aquatic conditions; so does the ratio of δ 13 C and C/N ratio. The EC of porewater is as low as in the rest of the frozen core but increased at the sediment surface to 26.5 μS cm -1 T 25°i ndicating sublimation processes at the surface which were also evident in the field by a salty crust.
The presence of a thermokarst lake is visible in a series of aerial and satellite images taken in 1950, 1978, 2004 and 2005 (Figure 10 ). In 1980, GG lake had a mean water depth of 12 m and a surface area of 7.9 ha (Table 1) . Jones et al. (2011) analysed high-resolution remotely sensed imagery to determine thermokarst lake expansion rates on the northern Seward Peninsula between the early 1950s and mid-2000s. Thermokarst lakes surrounded by yedoma terrain typically have lake bluff heights that range from 6-17 m and erosion rates of 0.15-0.18 m a -1 over this time period. Between 1950 and 1978, the lake that formerly occupied GG basin decreased in surface area by 0.2 ha indicating that the lake may have started to drain slightly during this period. While the shoreline receded around much of the lake perimeter, the lake eroded towards the outlet and eventual drainage gully location at a rate of~0.20 m a -1 . The 1978 aerial photograph also revealed substantial erosion (~30 m) along the drainage gully relative to the 1950 aerial photograph. There is a lack of high-resolution remotely sensed imagery following the 1978 image and prior to the drainage of the lake that occupied GG basin. The presence of baydzherakhs on the lake floor (Figures 3 and 10) indicates that GG lake was a first-generation thermokarst lake. The presence of baydzherakhs also suggests that not much surface sediment was removed during the drainage event. The sediment core, taken from the top of a baydzherakh, had only 36 cm of lake sediment. Cross-sections of thermokarst lake deposits on the Seward Peninsula show highly variable lacustrine sediment thicknesses with thicker sediment packages in the troughs between baydzherakhs and thinner lake sediments on top of baydzherakhs (G. Grosse, unpublished data) .
The water volume of GG lake was calculated to about 0.7 million m 3 for the year 1980. With about 12 m water depth in 1980 (Table 1) , GG lake was deep enough to prevent lake ice grounding. Therefore, this young lake must already have had a substantial thaw bulb or talik which is a body of unfrozen ground due to a local anomaly in thermal, hydrological, hydrogeological or hydrochemical conditions (Van Everdingen, 2005 (Figure 10 ): On 23 May 2005, the lake was largely ice-free but a residual ice cover was still present in the centre of the larger basin. On 24 June 2005, the lake had already drained except for a small remnant pond.
Whereas GG basin has mean bluff heights of 7.5 m and maximum heights of 20 m, up to 40 m of thaw settlement were observed for yedoma deposits in central Yakutia (Czudek and Demek, 1970) . Kessler et al. (2012) described a thermokarst lake system forming in yedoma on the northern Seward Peninsula near our study site with a total thaw settlement of 20-30 m similar to GG basin. Based on the digital elevation model (DEM), about 1.6 million m 3 volume loss was caused by thawing of yedoma during the lake formation of GG basin (Table 1) .
The net surface area of lakes on the northern Seward Peninsula decreased between 1950/51 and 2006/07 by 14.9 % (Jones et al., 2011) due to the drainage of several large lakes. Jones et al. (2012) described a high number of drainage events within the last 4000 years, especially during the medieval climate anomaly. Peat most rapidly accumulated with 35.2 g C m -2 a -1 in the youngest basins which drained 50-500 years ago. In general, thermokarst lake basins in the Cape Espenberg lowlands of the northern Seward Peninsula (covering 76% of the surface) are thought to store 6.4-6.6 Tg organic carbon in their terrestrial peat . Drained in spring 2005, no substantial vegetation cover had re-occupied the floor of GG basin in 2009 when coring took place. Post-drainage succession will likely result in vegetation re-occupation of the basin over the next years and possibly will result in slow peat accumulation. However, unlike the very wet lowland basins in our study region described in Jones et al. (2012) or on the Barrow Peninsula by Zona et al. (2010) , gross primary productivity might stay low in the well-drained upland of GG basin. Since permafrost redeveloped within 4 years from the surface down to 268 cm in April 2009, it can be assumed that the formation of a new lake is not yet in progress but that the existing ponds are remnants of GG lake. Regmi et al. (2012) stated that the succession of a thermokarst lake in an old drained basin is dependent not only on climate variability but also basin topography and hydrology, the amount of ice content, the rate of vegetation succession and polygonal development.
Modern permafrost aggradation is discussed in the literature primarily in the context of development after local lake drainage. The prominent Illisarvik lake drainage experiment in 1978 by Ross Mackay revealed evidence for rapid reaggradation of permafrost (Mackay, 1997) . The up to 32 m deep talik of Illisarvik lake refroze down to 5-6 m within 2 years after drainage, whereas nearshore sites of ≤ 10 m were already completely refrozen (Burgess et al., 1982) . Mean summer subsidence of the Illisarvik basin decreased during the first 8 years from 10 to 3 cm before winter frost heave and summer subsidence stabilised. Here, change in Mid-Wisconsin to Holocene Landscape Dynamics, NW Alaska snow depth associated with vegetation growth is assumed to be the dominant control on variation of active layer depth (Mackay and Burn, 2002) . Growth of aggradational ice of 0.5 cm a -1 has been recorded 20 years after the experiment took place (Mackay and Burn, 2002) .
Every year approximately 0.3 to two lakes drain in different regions in Arctic North America (northern Seward Peninsula: Jones et al., 2011; North Slope: Hinkel et al., 2007; northwest Canada: Marsh et al., 2009) . Lateral drainage can be triggered by a number of geomorphological and hydrological processes such as bank over-topping as a result of heavy precipitation events, gully erosion through ice-wedge networks or tapping by rivers, lakes and coastal erosion (Hinkel et al., 2007; Marsh et al., 2009; Grosse et al., 2013a; Jones and Arp, 2015) . The lateral drainage of GG lake was likely caused by an increased inflow into the lake from snowmelt and eventually by an overflow at the outlet channel that resulted in down-cutting into the ice-rich permafrost and promoting the drainage of the lake.
CONCLUSIONS
A sediment core record from a drained lake basin allowed us to reconstruct Mid-Wisconsin to Holocene landscape dynamics for this region typical of central Beringia. The following conclusions can be drawn:
(1) A multi-proxy approach allowed the determination of complex landscape interactions in a changing Arctic system affected by permafrost. (2) Yedoma deposition prevailed throughout the Early to Mid-Wisconsin with intermediate wet conditions by about 44.5 to 41.5 ka BP. Here, initial permafrost thaw began as indicated by wetland or potentially shallow pond formation but was terminated by the deposition of a thick air-fall tephra, most likely originating from the South Killeak Maar eruption at about 42 ka BP. A depositional hiatus in our core between 22.5 and 0.23 ka BP was interpreted as a signal of strong landscape changes and local erosion associated with thermokarst development in the areas surrounding our yedoma upland site during the Lateglacial to Holocene. Following this period, our study site served as a sediment source for surrounding large thermokarst lakes and basins rather than an accumulation area until the formation of a small thermokarst lake on the upland about 300 years ago. This expanding and deepening lake drained catastrophically in spring 2005 as indicated by remote sensing data, leaving behind a so far largely barren drained thermokarst lake basin in which permafrost has just started to aggrade again. (3) Permafrost formation, as well as degradation, in our study region in central Beringia over the last 49 ka was controlled by regional to global climate patterns impacting processes (syngenetic permafrost formation during the Early to Late-Wisconsin; wetland formation during short warmer and wetter phases of the MidWisconsin; Lateglacial and early Holocene spread of thermokarst development) as well as local disturbances (wetland and pond burial during a Mid-Wisconsin tephra deposition event caused by a nearby phreatomagmatic maar lake eruption; thermokarst lake formation during the Late Holocene; sudden lake drainage in 2005).
